Mr D Innes Williams
Pyelonephritis and Reflux One of the aspects of the aetiology of pyelonephritis which has an important bearing on treatment is the relationship between acute attacks of bacteriuria or pyuria and the slow deterioration of the pyelonephritic kidney. The gynecologist is accustomed to seeing the numerous sharp attacks of cystitis, often accompanied by rigors and pain in the loin, which so commonly affect women at the start of their sexual life, yet in most of them the pyelograms remain extraordinarily normal and renal function studies show no impairment: at the other extreme the physician is familiar with the incidental finding of mild pyuria, albuminuria or hypertension which leads to the discovery of severely scarred and contracted kidneys. The acute attacks are often self-limiting or will respond rapidly to chemotherapy; the chronic process is often as resistant to treatment as it is insidious in its onset. In pregnancy both the acute and chronic processes can be of importance but recent work has concentrated attention on the acute bacteriuria which can be cleared by simple chemotherapy. Since the reports of Kass (1962) it has become generally accepted that about 5 % of pregnant women have bacilluria and that perhaps one-third of these will develop clinical acute pyelonephritis if untreated. Kass also suggested, though this was not confirmed by Little (1965) , that untreated bacilluria was associated with a higher proportion of premature deliveries. It would seem, a priori, unlikely that a symptomless bacilluria would have this effect on the pregnancy unless there was, at the same time, some much more serious underlying process going on in the kidney; it is therefore interesting to read the opinion of Kincaid Smith & Bullen (1965) who found that bacteriuria in pregnancy was often a complication of chronic renal disease and that it was this underlying disease with impairment of renal function which accounted for the high incidence of prematurity, feetal loss and pre-eclamptic toxaemia.
The chronic renal disease could of course be due to stone or to hydronephrosis; but we are here concerned with the chronic pyelonephritic process which ordinarily occurs without such complications and we are back to the question: What factors render a patient with pyuria liable to develop chronic pyelonephritis? There will certainly be a different answer in adults and in children, and some might even doubt whether it was the right question to ask, whether in fact the chronic process is truly related to the acute attacks at all. My own experience suggests that in children it is the combination of recurrent urinary infection and vesico-ureteric reflux which commonly produces the pyelonephritic kidney, moreover that the irregularly scarred and contracted kidney seen in the young adult is usually the result of a process which began in infancy. It has been suggested by de Wardener (1965) that chronic pyelonephritis starting in adult life is more likely to produce a small but normally shaped kidney; certainly the chronic pyelonephritis associated with phenacetin excess does not resemble the irregular contraction commonly seen in the refluxing cases in early life. What I have to say about children cannot therefore be taken to apply in any unqualified sense to adults, but the girl pregnant for the first time in her teens or early 20s and found to have chronic pyelonephritis has almost certainly developed it during early childhood.
The lesion we are to study, therefore, is the irregularly scarred and contracted kidney. It is radiologically recognizable by its size, by its indented renal outline and by the clubbed calyces which, because of the loss of renal substance, come to approach the surface of the kidney. In the early stages good pyelograms are required to detect it; we can sometimes watch in children the shrinkage and deterioration of the kidneys; later the large elongated renal pelvis and the clubbed, closely packed calyces are unmistakable. Such kidneys in children are almost always associated with reflux at some stage. In adults less commonly so, though it can sometimes be shown that reflux has ceased spontaneously after the lesion has become established.
Enough studies of normal individuals have been carried out to make it certain that reflux is an abnormality even in infancy, but it is not an allor-none phenomenon and its significance varies according to its degree. The finding of transient reflux into the lower part of the ureter only is common, indeed its frequency will depend upon the diligence with which it is sought. We are dealing here with a 'bolus' of opaque medium which escapes into the ureter. Usually it is rapidly repelled, occasionally it reaches the kidney without distending it. Slightly more severe are the cases in which the medium fills the whole length of the ureter during micturition, but does not cause dilatation. Reflux which fills the ureter at rest when the bladder pressure is low is more serious; in such cases rise of pressure in the renal pelvis during micturition may be as much as 30 mmHg causing sudden acute dilatation and inevitably having some back pressure effect on the kidneys. It is clear, therefore, that the effects of reflux on the kidneys are not simply due to an abnormality of the ureterovesical junction: the reaction of the whole length of the ureter is also important; in intravenous pyelograms one can often recognize the slight flabby dilatation varying in different films of the series according to the degree of compression. Occasionally longitudinal striation can be seen, due to the corrugation of the mucosa of the ureter in the collapsed state.
Reflux is normally prevented by the valvular action of the oblique course of intramural ureter maintained by the prolongation of the longitudinal muscle of the ureter into the trigone. The mechanism breaks down in quite a variety of circumstances. The intramural ureter may be congenitally short and wide, a condition often found with a broad trigone and large bladder capacity, or the passage of a stone or surgical trauma may cause permanent damage. In bladder outflow obstruction reflux is a common complication, not simply because the pressure within the bladder is raised but also because vesical mucosa tends to herniate through the gap in the detrusor where the ureter enters, thus creating a saccule and destroying the valve. The same thing may happen in the neurogenic bladder, though here the role of infection is also important. Inflammatory changes can render the intramural ureter rigid so that it can no longer be valvular. This effect is clearly important in the present discussion and raises the question whether the reflux seen in chronic pyelonephritis is the cause or the result. There can be no doubt that transient reflux occurs as a result of cystitis and its role in carrying infection up to the kidney cannot be doubted. Experimentally, Heptinstall (1965) has demonstrated the characteristic pattern of spread within the kidney of ascending infection resulting from reflux. Thus reflux may be the result of lower tract infection and a facilitating cause of upper tract infection. However, most children with recurrent attacks of pyuria continue to have reflux, even when the urine is sterile and all lower urinary tract inflammation has apparently settled. Some of them have radiologically normal kidneys; a few, usually with more severe reflux, have obvious chronic pyelonephritis. There is thus a strong suggestion that in them reflux is congenital in origin and the ease with which ascending infection reaches the kidney predisposes to the chronic pyelonephritic disease.
There is an interesting correlation between the state of the ureterovesical junction and the incidence of pyelonephritis in the double ureter: incomplete duplication with a bifid ureter is a relatively common anomaly and, when pyelonephritis occurs in it, it has its usual patchy distribution but both poles are affected; there is never a clear-cut distinction between the two. This accords well with the observation that when vesico-ureteric reflux takes place it fills both branches. Where the ureteric duplication is complete, the ureter from the upper pole opens lower down the urinary tract than its fellow, but the manner of its opening varies considerably with its position. If the upper pole ureter is only a little displaced and opens on to the trigone, its orifice is slit-like and well supported by surrounding muscle, but it has a longer and more effectively valvular intramural course than the lower pole ureter. It would therefore be expected that, should reflux complicate this anomaly, the lower pole ureter with its short intramural course would be affected; clinical observation has confirmed this. Furthermore the kidney in these cases shows a sharp distinction between the upper and lower elements, the lower being shrunken and pyelonephritic, the upper one plump and healthy. If, however, the upper pole ureter opens at the bladder neck or into the upper urethra its orifice is usually large, rigid and gaping; reflux may then occur freely into it; dilatation is present and the renal element is atrophic or pyelonephritic. The lower element of such a double kidney may or may not be normal depending on whether reflux is present or not.
Since reflux is very much more common in children than in adults, it is natural to suppose that it may cease spontaneously. It is also well known that the recurrent attacks of pyuria of childhood often cease in adolescence. The follow up of children with reflux and infection is, therefore, a matter of great interest but unfortunately difficult to accomplish; we have not at present a large series to report. Routine cystograms were not performed over ten years ago and, if a girl is apparently fit and free of infection, the parents are reluctant to allow further micturating cystograms: such evidence as we have suggests that minor degrees of reflux often cease spontaneously -12 out of 33 in our series, 19 out of 59 reported by Stephens & Lenaghan (1962) . Major reflux ceases much less often, but cessation 30 can occur after a chronic pyelonephritis has become well established.
Further evidence upon the relation of reflux to recurrent urinary infection and to chronic pyelonephritis might be obtained by observing the effects of operative prevention of reflux. A survey of my experience of these operations has recently been published (Williams & Eckstein 1965) : 276 children were treated in the years 1957-63, including 120 primary idiopathic reflux cases, the remainder having ureteric duplications or an element of obstruction. There were 168 girls and in this group the idiopathic type predominated. Although many presented late in childhood, a quarter had their first evidence of infection during the first year of life and a half during the first three years; it was common to find that the first symptoms were not recognized to be urinary infections until later episodes were found to be associated with pyuria. The intravenous pyelogram was normal in 89 cases, there was ureteric dilatation in 105 and pyelonephritic scarring in 88. Nearly all the children were referred for investigation of recurrent or persistent urinary infection and the great majority had already had a fair trial of medical treatment which had been judged unsuccessful. Surgery was advised if there was evidence of bladder neck obstruction and in these cases ureteric reimplantation was undertaken at the same time as a bladder neck revision. In the children without infection, reflux-preventing operation was performed when it seemed certain that medical treatment had failed. Possibly in some cases the control and perseverance in treatment might have left something to be desired, but there was no doubt that this was a very resistant group of infections. Conservative treatment, continuous chemotherapy, was advised where reflux was slight and the urine could be kept sterile or where renal failure was already present with a blood urea consistently over 80 mg/100 ml. In the later cases operation on very large ureters was avoided, but some of our early failures were undoubtedly due to reimplantiiig those which were already virtually paralysed. Various operations were tried, but it soon became clear that the reimplantation techniques were the most effective, making a tunnel either from outside or from within the bladder as described by Politano & Leadbetter (1958) . The latter operation gave 96 % successful prevention of reflux in 53 ureters. The external tunnel which was employed for very dilated ureters gave 80 % prevention in 116 ureters; the apparently poor results were largely accounted for by the gross dilatation. In all operations there was a small incidence of increased dilatation, 3 ureters out of 53 in the Politano-Leadbetter method. These failures were largely due to a technical fault which was later corrected; either the tunnel was made too long so that the ureter became kinked where it entered the bladder wall, or a wide separation of detrusor fibres was allowed at the point of reimplantation so that a diverticulum formed or the intramural ureter was excessively stripped and became inert and stenosed. These faults can be avoided, but the very large inert ureter must not be operated upon. If, in a cystogram after micturition when the bladder is empty, the ureters remain full and show no contraction after five minutes then surgery is inadvisable. In assessing the results of successful reflux prevention, we might measure the degree of dilatation before and afterwards and it is certain that this dilatation is normally reduced by the operation. This is clearly advantageous and takes pressure off the kidney but is hard to analyse statistically. The change in the renal scarring seen radiologically is obviously important but also very hard to analyse. We have therefore chosen to follow these children in terms of acute attacks of urinary infection and of culture of urine when examined. Since they were all suffering from frequent recurrence of infection pre-operatively, it seemed that even this crude assessment might be of some value. In 95 cases where successful operation had been performed, there was no known post-operative infection in the follow-up period in 86%; infections recurred in 14%, of whom the majority were cases with severe pyelonephritic contracture of the kidney. As a control we used the 50 cases in whom, after the. first operation, reflux persisted or had appeared contralaterally. In this group 36% had no further infections, 64% became infected.
There therefore seemed good evidence that the operation was effective in a considerable number of children.
In adults my experience is nothing like so extensive and I have not analysed it statistically, but I believe the same indications for operation may be employed: i.e. if there are frequent recurrences of urinary infection plus reflux, with ureters which are no more than moderately dilated, then operation has a good chance of a successful outcome. In a great many adult cases, however, infections are quite well controlled and the ureters are already considerably dilated, rigid and inert: operation on these cases must be avoided.
